Assimilation of excess ammonium into amino acids and nitrogen translocation in Arabidopsis thaliana--roles of glutamate synthases and carbamoylphosphate synthetase in leaves.
This study was aimed at investigating the physiological role of ferredoxin-glutamate synthases (EC 1.4.1.7), NADH-glutamate synthase (EC 1.4.1.14) and carbamoylphosphate synthetase (EC 6.3.5.5) in Arabidopsis. Phenotypic analysis revealed a high level of photorespiratory ammonium, glutamine/glutamate and asparagine/aspartate in the GLU1 mutant lacking the major ferredoxin-glutamate synthase, indicating that excess photorespiratory ammonium was detoxified into amino acids for transport out of the veins. Consistent with these results, promoter analysis and in situ hybridization demonstrated that GLU1 and GLU2 were expressed in the mesophyll and phloem companion cell-sieve element complex. However, these phenotypic changes were not detected in the GLU2 mutant defective in the second ferredoxin-glutamate synthase gene. The impairment in primary ammonium assimilation in the GLT mutant under nonphotorespiratory high-CO(2) conditions underlined the importance of NADH-glutamate synthase for amino acid trafficking, given that this gene only accounted for 3% of total glutamate synthase activity. The excess ammonium from either endogenous photorespiration or the exogenous medium was shifted to arginine. The promoter analysis and slight effects on overall arginine synthesis in the T-DNA insertion mutant in the single carbamoylphosphate synthetase large subunit gene indicated that carbamoylphosphate synthetase located in the chloroplasts was not limiting for ammonium assimilation into arginine. The data provided evidence that ferredoxin-glutamate synthases, NADH-glutamate synthase and carbamoylphosphate synthetase play specific physiological roles in ammonium assimilation in the mesophyll and phloem for the synthesis and transport of glutamine, glutamate, arginine, and derived amino acids.